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OSCILLATOR WITH IMPROVED PARAMETER VARIATION TOLERANCE 

Inventor(s): Lewelyn D'Souza, Yuwen Swei 

Field of the Invention 

[0001] This invention relates generally to electronic circuits, and more 

particularly to an oscillator with improved parameter variation tolerance. 

Background 

[0002] Many of today's electronic devices (e.g. cell phones, computers, personal 

digital assistants (PDA's), etc.) require high frequency clock signals in order to operate. 
Usually, these clock signals are generated using phase locked loops (PLL's). 
[0003] A typical PLL comprises a phase detector, a loop filter, a charge pump, 

and a voltage controlled oscillator (VCO). While all of the components perform vital 
functions, it is really the VCO that is at the heart of the PLL because it is the VCO that 
provides the output high frequency signals, and it is the VCO that enables the frequencies 
of the output signals to be adjusted based upon a control voltage signal. 
[0004] In designing a PLL, one of the starting points is the selection of an output 

frequency/control voltage value for the VCO. This value, referred to herein as K V co> 
specifies how much the output frequency of the VCO will change given a change in 
control voltage. A sample K V co plot is shown in Fig. 1, wherein the control voltage is 
shown along the X axis and the output frequency is shown along the Y axis. The K V co 
value is given by the slope of the plot. Since the plot in Fig. 1 is a straight line, the K V co 
value is a constant. In practice, the K V co will most likely vary with the control voltage 



1 



60077-0014/VIU04-0001 

and hence, would not be a constant. Nonetheless, to simplify the design process, a 
constant K V co value is used as an approximation. After the Kvco value is selected, it is 
used to determine the parameters of the other PLL components. In this manner, the PLL 
is designed around the VCO. 

[0005] The K V co value that is selected for a PLL depends upon the particular 

VCO that is to be used. For the particular VCO, there will be a variety of Kvco values 
that can be selected. This variety results not from any defect in the design of the VCO, 
but rather from the processing variations that are encountered in fabricating the VCO. 
[0006] More specifically, a VCO comprises a plurality of components (e.g. 

transistors). These components are manufactured by some fabrication process. Ideally, 
the fabrication process should produce identical components (components with the same 
parameters) each and every time. In practice, however, this is not possible. As a result, 
there will be some variation in the parameters of the components used to make up the 
VCO. Some of the components will have parameters that barely meet minimum 
specifications, while other components will meet or exceed the maximum specifications, 
while other components will fall somewhere in between. Because of these processing 
variations, the K V co values exhibited by different VCO's will differ, even if the VCO's 
are all of the identical design. This means that in selecting a K V co value, a PLL designer 
has to select a value that all of the VCO's will be able to minimally achieve, which 
typically means that the designer has to choose the worst case Kvco value. 
[0007] Fig. 2 shows some sample K V co plots for a VCO, to illustrate the various 

possible Kvco values that can be exhibited by different VCO's of the same design. In 
Fig. 2, the KVCOl plot shows the K V co value for the worst case scenario (where the 
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components of the VCO meet minimum specifications), the KVC03 plot shows the K V co 
value for the best case scenario (where the components meet the maximum 
specifications), and the KVC02 plot shows the K V co value for the typical case. As can 
be seen, the worst case scenario plot KVCOl has the steepest slope. As noted above, a 
PLL designer typically has to select the worst case scenario to ensure that the PLL will 
work for all of the different VCO's of the same design. This, in turn, means that the 
designer has to choose the highest Kvco value (the plot KVCOl with the steepest slope). 
[0008] Using such a high K V co value is problematic in many implementations, 

however. To elaborate, the K V co value indicates how much the output frequency of the 
VCO will change given a change in control voltage. With a large K V co value, even a 
small change in control voltage will cause a significant change in output frequency. This 
in turn means that if the control voltage has any noise components, those noise 
components will cause significant fluctuations (referred to herein as "jitter") in the output 
frequency. This jitter is highly undesirable as it can cause some devices to operate 
improperly. Thus, using a large K V co value in the design of a PLL has significant 
drawbacks. 
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Summary 

[0009] In accordance with one embodiment of the present invention, there is 

provided a design for an inverting delay component of an oscillator, which enables the 
oscillator to be more tolerant of parameter variations. This increased parameter variation 
tolerance allows the K V co of the oscillator to vary less between the worst case scenario 
(where the components of the oscillator meet minimum specifications) and the best case 
scenario (where the components meet the maximum specifications). This in turn means 
that the worst case K V co value will be significantly smaller than in the prior art. By using 
a significantly smaller K V co value, the jitter experienced at the output of the oscillator 
will be substantially reduced. Thus, this embodiment of the present invention enables a 
low-jitter oscillator to be realized. 

[0010] In one embodiment, the inverting delay component discussed above 

comprises an inverting portion and a delay control portion. The inverting portion has an 
input terminal, a complementary input terminal, an output terminal, and a complementary 
output terminal. The inverting portion performs an inverting function such that the signal 
at the output terminal is an inverted version of the signal at the complementary input 
terminal, and the signal at the complementary output terminal is an inverted version of 
the signal at the input terminal. 

[001 1] The delay control portion comprises a first current source coupled to the 

output terminal of the inverting portion, and a second current source coupled to the 
complementary output terminal of the inverting portion. Each current source is coupled 
to receive a control signal for controlling the current produced by the current source, 
which in turn, determines the delay imposed by the delay control portion. The first 
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current source, having a first impedance, has a first resistive element coupled thereto. 
Likewise, the second current source, having a second impedance, has a second resistive 
element coupled. It has been observed that coupling the resistive elements to the current 
sources causes each current source to exhibit a much larger output impedance than it 
otherwise would exhibit (that is, the first current source exhibits an output impedance 
much larger than the first impedance, and the second current source exhibits an output 
impedance much larger than the second impedance). 

[0012] An n number (where n is an odd integer greater than one) of the above 

inverting delay components may be coupled together in series in a closed loop circuit to 
implement an oscillator. It has been observed that the increased output impedances of the 
current sources of the inverting delay components enable the oscillator to be more 
tolerant of parameter variations. Put another way, the increased output impedances 
enable the K V co value of the oscillator to vary less between the worst case scenario and 
the best case scenario. As a result, the worst case K V co value will be significantly 
smaller than in the prior art, which in turn enables the oscillator to experience much less 
jitter. Overall, this embodiment of the present invention enables an improved oscillator 
to be realized. 
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Brief Description of the Drawings 

[0013] Fig. 1 shows a sample Kvco plot for an oscillator. 

[0014] Fig. 2 shows some sample K V co plots for a VCO, illustrating the various 

possible Kvco values that can be exhibited as a result of variations in the parameters of 
the components used to make up the VCO. 

[0015] Fig. 3 is a circuit diagram of an inverting delay component in accordance 

with one embodiment of the present invention. 

[0016] Fig. 4 is a functional block diagram of an oscillator that can be formed 

using the inverting delay component of Fig. 3. 

[0017] Fig. 5 shows some sample K V co plots for the oscillator of Fig. 4, 

illustrating the reduced variation in K V co values caused by variations in the parameters of 
the components used to make up the oscillator. 

[0018] Fig. 6 is a circuit diagram of an inverting delay component in accordance 

with an alternate embodiment of the present invention. 
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Detailed Description of Embodiment(s) 

[0019] With reference to Fig. 3, there is shown a circuit diagram for an inverting 

delay component 300 in accordance with one embodiment of the present invention. As 
shown, the inverting delay component 300 comprises an inverting portion 302 and a 
delay control portion 304. 

Inverting Portion 

[0020] The inverting portion 302 comprises an input terminal 306 for receiving 

an input signal, a complementary input terminal 308 for receiving a complement of the 
input signal, an output terminal 310 for providing an output signal, and a complementary 
output terminal 312 for providing a complement of the output signal. The inverting 
portion 302 performs an inverting function such that the output signal is an inverted 
version of the complement of the input signal, and the complement of the output signal is 
an inverted version of the input signal. 

[0021] In one embodiment, the inverting portion 302 comprises six transistors, 

namely, transistors 322, 330, 324, 326, 332, and 328 (in one embodiment, each of these 
transistors takes the form of a P-type MOSFET). Transistors 322 and 328 act as input 
transistors for receiving the input signals 306, 308, respectively. More specifically, 
transistor 322 has a gate terminal coupled to receive the input signal 306, a source 
terminal coupled to node 350 which, in the circuit of Fig. 3, is coupled to a supply 
voltage VDD, and a drain terminal coupled to the complementary output terminal 312. 
Similarly, transistor 328 has a gate terminal coupled to receive the complementary input 
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signal 308, a source terminal coupled to node 350, and a drain terminal coupled to the 
output terminal 310. 

[0022] The two middle transistors 324 and 326 are cross-coupled to form a latch. 

In one embodiment, it is these transistors 324, 326 that provide the inverting action of the 
inverting portion 302. By cross-coupled, it is meant that the gate terminal of each 
transistor 324, 326 is coupled to the drain terminal of the other transistor. Thus, transistor 
324 has its gate terminal coupled to the drain terminal of transistor 326 (which in turn is 
coupled to the output terminal 310), a source terminal coupled to node 350, and a drain 
terminal coupled to the complementary output terminal 312. Similarly, transistor 326 has 
its gate terminal coupled to the drain terminal of transistor 324 (which in turn is coupled 
to the complementary output terminal 312), a source terminal coupled to node 350, and a 
drain terminal coupled to the output terminal 310. 

[0023] Voltage swings across the latch are controlled (in one embodiment, are 

kept fairly constant) by transistors 330 and 332. In one embodiment, transistors 330 and 
332 are electrically coupled such that each acts as an active load device. More 
specifically, transistor 330 has its gate terminal coupled to its drain terminal to form an 
active load device with the form of a diode. Transistor 330 further has its source terminal 
coupled to node 350. Similarly, transistor 332 has its gate terminal coupled to its drain 
terminal to form an active load device with the form of a diode. Transistor 332 further 
has its source terminal coupled to node 350. 

[0024] As shown in Fig. 3, the drain terminals of transistors 322, 330, and 324 are 

all coupled to the complementary output terminal 312. Likewise, the drain terminals of 
transistors 326, 332, and 328 are all coupled to the output terminal 310. Coupled in the 
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manner shown in Fig. 3, transistors 322, 330, 324, 326, 332, and 328 interact to perform 
an inverting function. In one embodiment, the signal provided at the output terminal 310 
is an inverted version of the signal received at the complementary input terminal 308, and 
the signal provided at the complementary output terminal 312 is an inverted version of 
the signal received at the input terminal 306. 

Delay Control Portion 

[0025] The delay control portion 304 is coupled to the output terminal 310 and 

the complementary output terminal 312 to receive the signals on those terminals. The 
delay control portion 304 determines the delay that is experienced by the overall 
inverting delay component 300. This delay is controlled by a control signal. 
[0026] In one embodiment, the delay control portion 304 comprises a first current 

source 314 coupled to the complementary output terminal 312, and a second source 316 
coupled to the output terminal 310. In one embodiment, the first current source 314 takes 
the form of a transistor 340 (in one embodiment, an N-type MOSFET) having a gate 
terminal coupled to receive the control signal, a drain terminal coupled to the 
complementary output terminal 312, and a source terminal. The second current source 
316, in one embodiment, takes the form of a transistor 342 (in one embodiment, an N- 
type MOSFET) having a gate terminal coupled to receive the control signal, a drain 
terminal coupled to the output terminal 310, and a source terminal. The control signal 
controls the amount of current produced by each current source 314, 316, which in turn, 
determines the delay imposed by the delay control portion 304. Each current source 314, 
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316 has an associated impedance, i.e. the first current source 314 has a first impedance 
and the second current source 316 has a second impedance. 

[0027] In one embodiment, each current source 314, 316 has a resistive element 

coupled thereto. More specifically, resistive element 318 is coupled to the source 
terminal of transistor 340, and resistive element 320 is coupled to the source terminal of 
transistor 342. In one embodiment, resistive elements 318, 320 take the form of resistors. 
It has been observed that the presence of resistive elements 318 and 320 significantly 
increases the output impedances exhibited by the current sources 314, 316 (through a 
phenomenon known as source degeneration). More specifically, looking into the drain 
terminal of transistor 340, the output impedance exhibited by the first current source 314 
is much greater (in one embodiment, many fold greater) than the first impedance of the 
first current source 314. Similarly, looking into the drain terminal of transistor 342, the 
output impedance exhibited by the second current source 316 is much greater (in one 
embodiment, many fold greater) than the second impedance of the second current source 
316. Thus, the resistive elements 318, 320 enable the current sources 314, 316 to exhibit 
much greater output impedances than they normally would exhibit. The significance of 
this will be elaborated upon in a later section. 

Oscillator 

[0028] A plurality of the inverting delay components 300 shown in Fig. 3 may be 

coupled together in series in a closed loop circuit to form an oscillator. A sample 
oscillator 400 is shown in Fig. 4. In Fig. 4, three inverting delay components 300 are 
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shown for the sake of illustration. It should be noted though that any n number of 
inverting delay components 300 may be used, where n is an odd integer greater than one. 
[0029] As shown in Fig. 4, each inverting delay component 300 has: (1) an input 

terminal coupled to the complementary output terminal of a preceding inverting delay 
component 300; (2) a complementary input terminal coupled to the output terminal of the 
preceding inverting delay component 300; (3) a complementary output terminal coupled 
to the input terminal of a succeeding inverting delay component 300; and (4) an output 
terminal coupled to the complementary input terminal of the succeeding inverting delay 
component 300. Because the inverting delay components 300 are coupled together in a 
closed loop, the last inverting delay component 300(3) acts as the preceding inverting 
delay component for the first inverting delay component 300(1), and the first inverting 
delay component 300(1) acts as the succeeding inverting delay component for the last 
inverting delay component 300(3). 

[0030] Each inverting delay component 300 is coupled to receive a control signal. 

This control signal controls the delay imposed by each inverting delay component 300. 
By controlling this delay, the frequency of the output signals provided by the oscillator 
400 can be controlled. 

[0031] As noted previously with reference to Fig. 3, the resistive elements 318, 

320 enable the current sources 314 and 316 to exhibit much greater output impedances. 
It has been observed that these increased output impedances enable the oscillator 400 to 
be much more tolerant of parameter variations in the components (e.g. transistors 322, 
330, 324, 326, 332, 328, 340, and 342) that make up the oscillator 400. 
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[0032] This increased tolerance is shown in Fig. 5, wherein three qualitative K V co 

plots are shown for oscillator 400. The KVCOl plot shows the K V co value for the worst 
case scenario (where the components of the oscillator 400 meet minimum specifications), 
the KVC03 plot shows the K V co value for the best case scenario (where the components 
meet the maximum specifications), and the KVC02 plot shows the K V co value for the 
typical case. 

[0033] Comparing the plots shown in Fig. 5 with the plots shown in Fig. 2, 

several observations can be made. First, it can be observed that there is significantly less 
variation between the worst case and best case scenario plots in Fig. 5 than in Fig. 2. 
This shows that the oscillator 400 of Fig. 4 is capable of tolerating component parameter 
variation much better than the prior art. Also, it can be observed that the slope of the 
worst case plot KVCOl in Fig. 5 is significantly smaller than the slope of the worst case 
plot KVCOl in Fig. 2. This means that the oscillator 400 of Fig. 4 will experience much 
less jitter in its output signals than the prior art. Overall, the oscillator 400 of Fig. 4 
represents a significant improvement over the oscillators of the prior art. 

Alternative Embodiments 

[0034] In Fig. 3, the resistive elements 318 and 320 are shown as resistors. It 

should be noted that other types of components may be used, if so desired. For example, 
transistors that are biased to behave like resistors may be used. For purposes of the 
present invention, any component that behaves like a resistor may be used to implement 
the resistive elements 318, 320. 
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[0035] Also, in Fig. 3, the transistors 322, 330, 324, 326, 332, and 328 of the 

inverting portion 302 have been described as P-type transistors and the transistors 340 
and 342 of the delay control portion 304 have been described as N-type transistors. If so 
desired, this can be changed so that the transistors of the inverting portion are N-type and 
the transistors of the delay control portion are P-type. An example of such an inverting 
delay component 600 is shown in Fig. 6, wherein the transistors 622, 630, 624, 626, 632, 
and 628 of the inverting portion 602 are N-type, and the transistors 640, 642 of the delay 
control portion 604 are P-type. These and other modifications are within the scope of the 
present invention. 

[0036] At this point, it should be noted that although the invention has been 

described with reference to a specific embodiment, it should not be construed to be so 
limited. Various modifications may be made by those of ordinary skill in the art with the 
benefit of this disclosure without departing from the spirit of the invention. Thus, the 
invention should not be limited by the specific embodiments used to illustrate it but only 
by the scope of the issued claims. 
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